INTRODUCTION
A recently developed technique for isolation of cell organelles, using the spreading forces of the Langmuir trough to break open ceils (1) followed by critical point drying (2) , has revealed new information concerning the fine structure of chromosomes (2) (3) (4) (5) . Few other organelles present in cells have sufficient internal rigidity to survive the forces acting at the surface of the trough. When erythrocytes of the western salamander, Taricha granulosa, are spread, two types of fibers survive.
These are readily distinguished from each other on the basis of morphology. One type of fiber, averaging 250 A in diameter (3, 5) , is irregular or "lumpy" in outline, under the methods used, and has been identified as probably representing the basic nucleoprotein complex of the chromosome (2) (3) (4) (5) . It is referred to here as chromosome fiber. The second type of fiber, of approximately the same dimensions, is very regular in diameter. When present in isolates, this second type of fiber, referred to here as "smooth" fiber, is usually associated with fi'agments of the cell membrane.
This study is designed to characterize the isolated "smooth" fiber and establish its relationship to structures which have been previously described in thin-sectioned tissue.
M E T H O D S A N D M A T E R I A L S
A sample of blood, obtained by excising the tip of the tail of the salamander, Taricha granulosa, was transferred to the surface of a Langmuir trough on the tip of a glass rod. Sperm tails were prepared similarly by transferring sperm from the testis of a male rat to the surface of the trough. After compression, until wrinkles were just visible in reflected light, the resulting surface film was picked up by touching carbonformvar electron microscope specimen screens to the surface. Specimen screens were then floated over 2 per cent uranyl acetate for 10 minutes, rinsed briefly in distilled water, and dehydrated in an ethyl alcohol series: 1 minute in cold 50 per cent alcohol; 1 minute each in 70 and 95 per cent alcohol; and two 5-minute and one final 10-minute soak in absolute alcohol. Alcohol was then replaced by three 10-minute changes of 100 per cent amyl acetate. Specimens were transferred to a pressure vessel, dried by the critical point method (6) , and examined under the Hitachi HU-11a electron microscope.
R E S U L T S
In preparations isolated from erythrocytes, smooth fibers occur in areas which contain partially disintegrated particles of the cell membrane. These areas appear as a more or less incomplete ring of debris encircling an isolated nucleus at a distance of several microns. While smooth fibers do not appear to be an integral part of the cell membrane, these structures are almost invariably found adjacent to membrane fragments. In some instances it is possible to find an area containing both smooth fibers and chromosome fibers (Fig.  1 ). In Fig. 1 , smooth fibers can be seen which are lying at the edge of an interphase nucleus. While the diameters of the two types of fibers are similar, the chromosome fibers are much more irregular, FIGURE 1 A preparation isolated from the erythrocytes of the western salamander, T. granulosa, showing both "smooth" fibers or microtubules (m) and chromosome fibers (c). The chromosome fibers at the top of the micrograph extend from the edge of an interphase nucleus. X 31,500.
FIGURE ~ Microtubules isolated from T. granulosa erythrocytes. Aggregates of tubules occur typically in association with fragments of the cell membrane. In these preparations microtubules are frequently broken into short lengths; where breakage or damage has occurred, the apparently hollow core of the tubule is revealed (arrow). X ~7,000. with constrictions to 120 :i: 20 A and enlargements to 340 4-20 A (5). Smooth fibers, in comparison, have a diameter of 270 ± 20 A which is very regular along the length of the fiber. While the chromosome fibers are highly convoluted and irregularly coiled in the interphase nucleus, and tightly coiled in metaphase chromosomes (4, 5) , smooth fibers are dispersed in relatively straight lines and often appear in parallel arrays (Fig. 2) .
Higher magnification of smooth fibers (Fig. 3 ) reveals that they have a core of lower electron opacity. Where these fibers are broken or partially disintegrated, the core appears to be hollow or structureless (Fig. 4) . This suggests that the smooth fibers are tubular, with side walls approximately 80 A in thickness and a central canal 100 A in diameter. No other substructure has been observed under the methods used.
D I S C U S S I O N
The marginal band of nucleated erythrocytes, long considered an artifact, was reinvestigated by Fawcett and Witebsky (7) in thin-sectioned material. These authors were able to show that this cell organelle is composed of small tubules, with the probable function of maintaining the flattened shape of the erythrocyte. The morphology and dimensions of the smooth fibers (tubules) isolated in the present study, and their occurrence adjacent to the cell membrane, suggest that these structures are the isolated tubular elements of the marginal band.
Fine tubules have been found to occur in the cytoplasm of many types of cells in both plants and animals. Ledbetter and Porter (8, 9) have pointed out the wide occurrence of microtubular elements in flagella, the mitotic spindle, and the I~OURE 3 More highly magnified microtubules from a T. granulosa erythrocyte. This micrograph has been printed from the original electron micrograph plate so that opacity is equivalent to electron opacity in the specimen. A central core of lower electron opacity is apparent in the tubule. This comparative opacity is independent of the degree of focus, which varies, in this micrograph, over the length of the tubules and among different tubules, depending on the distance and angle at which the tubules lie with respect to the plane of the true focus. X 150,000. cytoplasm, postulating that the tubules occurring in these structures are homologous. In an excellent review Slautterback (10), however, while supporting the ubiquity of the microtubule, maintains that two general classes of microtubules exist, differentiated in both size and function. According to this author, one class, consisting of smaller fibers 180 A in diameter, is synthetic or metabolic in function, whereas a second class of larger fibers, 270 A in diameter, is associated with the maintenance of rigidity of cell shape.
The conclusions of Slautterback are consistent with the findings of this and previous investigations. The smooth fibers or microtubules 270 A in diameter which occur in close proximity to the cell membrane of erythrocytes, and the 9 + 2 fibrils of the rat sperm tail (Fig. 5) which are of the same dimension (Fig. 5) , are not disintcgrated by the surfacc forces of the trough. In previous studies of the fine structure of isolated metaphase chromosomes (4, 5) , however, no rcmnants of the extensive 180-A fiber system associated with the spindle have been observed. These differences in dispersion by the trough support the contention that significant differences exist in the molecular structure of the two size classes of microtubulcs. central 100-A canal of lower electron opacity. The substructure of these fibers and their occurrence adjacent to the cell membrane suggest that these structures are isolated microtubules. The possible homology of these structures with the spindle fibers is discussed.
